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(54) METHOD FOR FLATTENING SEMICONDUCTOR SUBSTRATE 
(57)Abstract: 

PURPOSE: To make the surface of a semiconductor 
substrate flat by grinding a film deposited on the 
substrate on which an irregular pattern is formed while 
the thickness of the film is always monitored with a 
grinding device equipped with a single or plurality of 
grinding heads which are sufficiently smaller than the 
substrate. 

CONSTITUTION: After sticking a silicon substrate 1 1 on 
which a film is deposited after forming an irregular 
pattern to a substrate holding turntable 1 3 turning on its 
axis with the main surface of the substrate 1 1 up, the 
main surface of the substrate 1 1 is ground by moving a 
grinding head 12 turning on its axis in the radial direction 
of the head 12 while the head 12 is press-contacted 
with the main surface. During the grinding operation, the 
average film thickness of the substrate 1 1 on its 
circumference is always monitored with a film thickness 
measuring device, since the detecting head section 14 of 
the measuring instrument is controlled so that the 
section 14 can be always positioned on the same circumference as that of the head 1 1 on the 
substrate 1 1 . Film thickness data are sent to a computer and the grinding is carried on toward 
the central part from the outer peripheral section or toward the outer peripheral section from 
the central part of the substrate 11 while the position or grinding amount of the head 12 is 
controlled based on the film thickness data. 
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CLAIMS 



[Claim(s)] 

[Claim 1] The flattening method of the semiconductor substrate characterized by grinding the 
aforementioned film on the aforementioned substrate to rotate, and carrying out flattening of the 
aforementioned substrate front face with polish equipment with the polish head smaller than the 
aforementioned substrate, always detecting the thickness of the aforementioned film after 
depositing a film on the substrate front face in which the uneven pattern was formed. 
[Claim 2] The flattening method of a semiconductor substrate according to claim 1 that the 
position of a polish head smaller than the aforementioned substrate which grinds the 
aforementioned substrate by moving to radial [ of a substrate ], rotating, and the position of the 
detection head section of thickness-measurement equipment are characterized by controlling 
the position of the detection head section of the aforementioned thickness-measurement 
equipment as it is always on the same periphery on the aforementioned substrate. 
[Claim 3] The flattening method of the semiconductor substrate according to claim 2 
characterized by always acting as the monitor of the thickness distribution within a substrate 
side by measuring thickness, making the detection head section of thickness-measurement 
equipment move reciprocately to radial [ of a substrate ] regardless of the position of the polish 
head on a substrate earlier than the traverse speed of a substrate. 
[Claim 4] The flattening method of the semiconductor substrate according to claim 1 
characterized by always acting as the monitor of the thickness distribution within a substrate 
side with the thickness-measurement equipment which equipped radial [ of a substrate ] with 
two or more thickness detection heads located in a line with the single tier. 
[Claim 5] The flattening method of the semiconductor substrate according to claim 1 
characterized by having two or more polish heads. 

[Claim 6] The flattening method of the semiconductor substrate according to claim 5 
characterized only by rotating by not moving two or more polish heads. 
[Claim 7] The flattening method of a semiconductor substrate according to claim 6 that the 
medial axis of two or more polish heads is characterized by making it not lap with the medial axis 
of a substrate. 

[Claim 8] The flattening method of the semiconductor substrate according to claim 6 
characterized by covering with two or more polish heads densely on a substrate. 
[Claim 9] The flattening method of the semiconductor substrate according to claim 6 
characterized by making it make a substrate revolve around the sun only not only in own 
rotation. 

[Claim 10] The flattening method of the semiconductor substrate according to claim 6 
characterized by grinding installing each detection head section of thickness-measurement 
equipment equipped with two or more detection head sections in the arbitrary positions where a 
polish head does not exist on a substrate, and always detecting a thickness distribution of the 
aforementioned film. 

[Claim 1 1] The flattening method of the semiconductor substrate according to claim 6 
characterized by controlling the rotational frequency of two or more polish heads for each head 
of every based on the thickness distribution data of the film on a substrate. 



[Claim 12] The flattening method of the semiconductor substrate according to claim 6 
characterized by controlling the pressure put on two or more polish heads based on the 
thickness distribution data of the film on a substrate for each head of every. 
[Claim 13] The flattening method of the semiconductor substrate according to claim 6 
characterized by controlling the amount of supply of the solution which contains the abrasive 
material supplied on the aforementioned substrate front face from two or more polish heads 
based on the thickness distribution data of the film on a substrate for each head of every. 
[Claim 14] The flattening method of the semiconductor substrate according to claim 6 
characterized by controlling the temperature of two or more polish heads for each head of every 
based on the thickness distribution data of the film on a substrate. 

[Claim 15] After irradiating the white light and searching for the wavelength dependency of the 
reflection factor of the aforementioned substrate on a substrate with s concavo-convex pattern, 
by carrying out the Fourier transform of the spectrum of the aforementioned reflection factor 
The reflection factor spectrum from the film which deposited the aforementioned reflectance 
spectrum on the heights of the aforementioned uneven pattern. The flattening method of the 
semiconductor substrate according to claim 1 characterized by measuring simultaneously the 
thickness of the film deposited on the membranous thickness and membranous heights which 
divided into the reflection factor spectrum from the film deposited on the crevice of an uneven 
pattern above, and were deposited on the crevice of the aforementioned uneven pattern. 
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DET AILED DESCRIPTION 



[Detailed Description of the Invention] 
[0001] 

[Industrial Application] this invention relates to the flattening process in manufacture of a 

semiconductor device. 

[0002] 

[Description of the Prior Art] An element manufacturing process becomes in three dimensions 
increasingly, and the level difference of equivalent to the processing size needed for the 
substrate of a semiconductor or the height beyond it comes to be formed as the degree of 
integration of LSI improves and detaitedHzation of an element progresses. If it leaves the level 
difference which has such a steep and complicated configuration in a substrate to the substrate 
as it is, various problems as shown below will arise. 

[0003] (1) Since the optimal focal positions differ by the upper and lower sides of the level 
difference section at a photo lithography process, pattern precision deteriorates. 
(2) At an etching process, if the thickness in the level difference section becomes thick in order 
to use anisotropic etching, it will be easy to produce the etching remainder. 

[0004] (3) If the metal of wiring material is deposited by the spatter etc., the coverage of the film 
in the level difference section will fall, and the reliability of wiring will fall. 
The technology of advancing processing is becoming increasingly important, losing a level 
difference to a substrate and carrying out flattening of the front face to it in an LSI 
manufacturing process, in order to solve such a problem. 

[0005] As a conventional flattening method, the applying method (SOG (Spi n no Glass)), 
fluidization (BPSG flow), the etchback method, etc. have mainly been used (for example, Seijiro 
Furukawa s micro-machining admission Ohm-Sha Ltd. 1989). However, by these methods, 
although the local comparatively flat front face could be obtained, the flatness covering several 
mm which can be comparatively satisfied in the latus range was not obtained. It is becoming 
impossible moreover, to be satisfied also about local flatness with high integration of the latest 
LSI. 

[0006] The method of needing with chemical machinery polish as a method of reaching far and 
wide and obtaining a flat front face attracts attention (for example, S.Sivaram et al. SolidState 
Tech. May 1992 p.87). After this method deposits a film on the semiconductor substrate front 
face in which the pattern was formed, it cuts off heights by polish and it carries out flattening of 
the front face. It is shown that a substrate front face reaches far and wide very much by this 
method, and various metals (aluminum, W, Cu), an oxide, etc. which were deposited on the 
semiconductor front face are ground by flatness now. 

[0007] An example of the flattening method by the above-mentioned chemical machinery polish 
is explained referring to a drawing below. The important section of the polish equipment used for 
the above-mentioned chemical machinery polish is shown in drawing 6 

[0003] In drawing 6 , the sign 1 shows the substrate presser-foot fixture, and after forming a 
detailed uneven pattern by the repeat of film deposition, photo lithography, and dry etching, the 
substrate 2 which deposited the film on the whole surface has pasted the inferior surface of 
tongue of this substrate presser-foot fixture 1 removable for example, by vacuum adsorption. 



The abrasive cloth 4 is formed in the upper surface of a turntable 3 in which it is located under 
the substrate presser-foot fixture 1 on the other hand. While carrying out a pressure welding to 
the abrasive cloth 4 of a substrate 2 with the aforementioned substrate presser-foot fixture 1, 
the principal plane of the substrate 2 pasted up on the inferior surface of tongue of the 
substrate presser-foot fixture 1 is ground by rotating a turntable 3 and the substrate presser- 
foot fixture 1. To an abrasive cloth 4, the solution containing abrasive materials, such as colloidal 
silica of weak alkalinity, is supplied as a slurry in the case for example, of silicon-oxide polish in 
that case. Moreover, a polyurethane pad etc. is used as a polish pad on a turntable 3. 
[0009] 

[Problern(s) to be Solved by the Invention] However, it is very difficult to, grind the substrate 2 
which passed through various processes with a sufficient precision extensive moreover by the 
above polish methods. Usually, by aging of abrasive-cloth 4 self, if it is in polish using the above 
polish equipments, the problem that polish speed falls arises as polish progresses. Therefore, 
although an abrasive cloth 4 is reproduced or operation of making polish time increase 
experientially in consideration of the fall of polish speed etc. is needed whenever it processes 
one substrate 2. in any case, it is hard to say that a controllability is good. !n order to raise a 
controllability, it is necessary to detect the thickness of the film on a substrate 2 on that spot 
during polish. However, with the above composition, since the whole surface of the principal 
plane of a substrate 2 is in contact with the abrasive cloth 4, thickness of the film deposited on 
the principal plane of a substrate 2 during polish cannot be measured 
[0010] Furthermore, although the substrate 2 which passed through various processes has 
generally curved in a convex or concave, with the above polish equipments, only the core of a 
substrate 2 will be alternatively ground as it is the case where couid not grind the film deposited 
on the substrate 2 which curved uniformly, for example, it curves in a convex. 
[001 1] this invention was made in view of this point, and aims at offering the flattening method of 
the substrate characterized by performing polish with a very sufficient controllability which is not 
influenced by aging of an abrasive cloth which grinds the film deposited on the substrate front 
face of a semiconductor. Furthermore, this invention aims at offering the flattening method of 
the substrate which can grind the film deposited on the substrate which curved uniformly, even 
when the substrate has curved in a convex or concave. 

[0012] About the purpose of others of this invention, and the new feature, it will become 
whether to be Ming from description and the accompanying drawing of this specification 
[0013] 

[Means for Solving the Problem] In order to attain the above-mentioned purpose, this invention 
grinds the aforementioned substrate with polish equipment equipped with the polish head smaller 
than the substrate of a semiconductor. The field where a polish head does not exist exists on a 
substrate, thickness is measured on that spot during polish using the portion, and the terminal 
point of polish is detected correctly. 

[0014] Furthermore by this invention, it grinds using the thickness detection equipment which 
was made to move the detection head section of thickness detection equipment in a substrate 
top, or was equipped with two or more detection head sections, acting as a monitor on that spot, 
while grinding the thickness distribution within a substrate side. The aforementioned film is 
ground controlling the position of a polish head, the pressure put on a polish head based on the 
aforementioned thickness distribution data. Furthermore by this invention, two or more polish 
heads smaller than a substrate are used simultaneously. Furthermore, by this invention, it covers 
with two or more polish heads sufficiently smaller than the substrate which only rotates on a 
substrate, and they are ground. 
[0015] 

[Function] It is possible to always grind the desired amount of polishes, without being influenced 
by aging of a polish head since it is possible to detect the thickness of the film always deposited 
on the substrate during polish according to this invention. Moreover, a polish head is smaller than 
a substrate enough, and since the space on most front faces of a substrate is exposed, it is 
possible to compute on that spot using the thickness detection equipment which was made to 
move the detection head section of thickness detection equipment in a substrate top. or was 



equipped with two or more thickness detection head sections, while grinding the thickness 
distribution within a substrate side. Based on the thickness distribution within the 
aforementioned substrate side, the position of the aforementioned polish head and the amount of 
polishes by the aforementioned polish head are controlled, and it becomes possible to also grind 
uniformly the film deposited on the substrate which curved how. That is, when grinding only a 
periphery preferentially when the substrate has curved in concave, or having curved in the 
convex, it can prevent grinding only a core preferentially. The fall of the polish speed by using a 
small head is prevented using further two or more polish heads, and a polish speed of the same 
grade as a conventional method is obtained, having the feature which was excellent in the above. 

[0016] 

[Example] (Example 1) With reference to a drawing, one example of this invention is explained 
below. 

[0017] The important section of the polish equipment used by this invention is shown in d rawing 
i ■ In drawing 1 , the sign 13 shows the substrate maintenance turntable. After forming an 
uneven pattern by film deposition, photo lithography, and the repeat of etching on the substrate 
maintenance turntable 13, the diameter of 150mm or the 200mm silicon substrate 1 1 which 
performed film deposition has pasted up for example, by vacuum adsorption. In this example, the 
substrate maintenance turntable 13 is designed so that it may oniy rotate. On the other hand, in 
the upper surface of a silicon substrate 11, it is smaller than a silicon substrate 11 enough, for 
example, the polish head 12 with a diameter of 50mm is arranged on it. The polish head 12 has 
structure which can move to radial [ of a silicon substrate 1 1 ], rotating. On the other hand, the 
detection head section 14 of thickness-measurement equipment is installed in the polish head 12 
on a silicon substrate 11, and a symmetrical position. Synchronizing with the radial movement of 
the silicon substrate of the polish head 12, the detection head section 14 of thickness- 
measurement equipment is constituted so that it may move to radial [ of a silicon substrate ]. 
[001 8] Next, the procedure of flattening by the polish using this equipment is described. The 
principal plane of a silicon substrate 1 1 is ground by making the polish head 12 rotate to it, and 
making it move a silicon-substrate 11 top to radial [ of a silicon substrate 11 ], while carrying out 
the pressure welding of the polish head 12 to the principal plane of the silicon substrate 1 1 
pasted up on the substrate maintenance table 13. At this time, rotation of the substrate 
maintenance table 13 is also performed simultaneously. When grinding the silicon oxide deposited 
on the silicon substrate 1 1, as an abrasive material, colloidal silica is distributed in solution, for 
example, and that by which PH adjustment was carried out is used for weak alkalinity by KOH. 
An abrasive material is supplied on a silicon substrate 1 1 from the center of the polish head 12. 
Moreover, for example, a polyurethane pad is attached in the polished surface of the polish head 
12, and let this be an abrasive cloth at it. During polish, since the detection head section 14 of 
thickness detection equipment is controlled to always be located on the same circle as the 
polish head 12 on a silicon substrate 11, it always acts as the monitor of the thickness of the 
average on the periphery in which the polish head 12 on a silicon substrate 11 exists with 
thickness-measurement equipment. The thickness data obtained by thickness detection 
equipment are sent to a computer, and a computer advances polish toward a core or the core of 
a silicon substrate 1 1 to the periphery section from the periphery section of a silicon substrate 
11, controlling the position of the polish head 12, the pressure put on the polish head 12, the 
rotational frequency of the polish head 12, the amount of the abrasive material supplied from the 
polish head 12. the temperature of the polish head 12, etc. based on the aforementioned 
thickness data. 

[0019] Since it is grinding acquiring the thickness of an average of the periphery section 
currently ground to the practice on a silicon substrate 1 1 according to this example, polish can 
be correctly ended by desired remnants thickness. Moreover, since it is grinding always acquiring 
the thickness of a polish portion from a silicon substrate 11 as another large feature of this 
example using the sufficiently small polish head 12, not only the film deposited on the flat silicon 
substrate 1 1 but the film deposited on the silicon substrate 11 which curved in a convex or 
concave can be evenly ground in the form where it curved in the configuration of a silicon 



substrate 11. That is, when grinding only a periphery preferentially when the silicon substrate 1 1 
has curved in concave, or having curved in the convex, it can prevent grinding only a core 
preferentially." 

[0020] In this example,, while it does not grind from the periphery section of a silicon substrate 

1 1 by moving from a core or the core of a silicon substrate 1 1 only at once toward the periphery 
section and target polish thickness grinds the polish head 12 about 1/100 per round trip, it can 
grind flatly more by repeating movement to radial [ of the silicon substrate 1 1 of the polish head 

12 ], and performing it, 

[0021] In this example, the detection head section 14 of thickness-measurement equipment was 
moved synchronizing with the position of the polish head 12, and it controlled so that the 
detection head section 14 always existed on the same periphery on the polish head 12 and a 
silicon substrate 1 1. As another method of acting as the monitor of the thickness of the average 
on the same periphery as the point of polish, the position of the thickness detection head 
section 14 is not synchronized with the position of the polish head 12 f for example, there is a 
method of making a silicon-substrate 1 1 top move reciprocateiy at about 10 times [ of the 
traverse speed of the polish head 12 ] speed, always acting as the monitor of the thickness 
toward radial. Since it is possible to advance polish according to this method, the thickness 
distribution not only the thickness on the periphery under present polish but on a silicon 
substrate 1 1 being obtained, and grasping the situation of the polish over the silicon-substrate 
1 1 whole, the flat nature of the silicon substrate 11 after polish can be raised more. 
[0022] Furthermore, by arranging in a single tier the detection head section 1 4 of the thickness- 
measurement equipment which equipped radial [ of a silicon substrate 11 ] with two or more 
thickness detection head sections 14 instead of the detection head 14 section of the thickness 
which moves at the aforementioned high speed Since it is possible to advance polish while the 
thickness distribution on a substrate 11 is obtained on real time and grasps the situation of the 
polish covering the silicon-substrate 11 whole, the flat nature of the silicon substrate after 
polish can be raised more. 

(Example 2) The polish method of the substrate of an example 1 is a very simple method, and is 
the method of having been very much excellent which can judge the terminal point of polish 
correctly. However, since the polish head is small, polish speed falls from the conventional 
example, this example is related with the polish method which raises polish speed, having all the 
features of an example 1 . 

[0023] The important section of the polish equipment used by this invention is shown in drawing 
2 . The composition of equipment is almost equivalent to the polish equipment ( drawing 1 ) of an 
example 1. As a difference from an example 1, three polish heads 22 exist and each "is controlled 
independently. Each polish head 22 is designed so that it can move to radial [ of a silicon 
substrate 21 ] freely, and it is also possible that each also exists on the same periphery on a 
silicon substrate 21 and to be located in arbitrary positions. Moreover, the thickness- 
measurement equipment equipped with two or more polish heads of example 1 publication as 
thickness detection equipment is used, and the thickness detection head train 24 is arranged 
radial [ of a silicon substrate 21 ]. 

[0024] The procedure of flattening by the polish using this equipment is fundamentally equivalent 
to an example 1 except three polish heads 22 existing. It acts as the monitor of the thickness 
distribution of the film on a silicon substrate 21 on real time with thickness-measurement 
equipment equipped with two or more detection head trains 24. Based on the aforementioned 
thickness distribution data, the amount of the abrasive material supplied from the position of 
each polish head 22. the pressure put on each polish head 22, the rotational frequency of each 
polish head 22. temperature, and each polish head 22 etc. is controlled independently, and a 
silicon substrate 21 is ground evenly. 

[0025] Since thickness data are covered over the control section of the polish head 22 for 
feedback, acquiring the thickness of the periphery section currently ground to the practice on a 
silicon substrate 11 like an example 1 according to this example, polish can be correctly ended 
by desired remnants thickness. Moreover, since it is grinding always acquiring the thickness of a 
polish portion from a silicon substrate 21 using the sufficiently small polish head 22, not only the 



film deposited on the flat silicon substrate 21 but the film deposited on the silicon substrate 21 
which met a convex or concave can be evenly ground in the form where it curved in the 
configuration .of a silicon substrate 21. Furthermore, the above-mentioned performance can be 
maintained, raising polish speed sharply from the polish method of an example 1 . since it has two 
or more polish heads 22. 

[0026] Although this example showed the case where the number of the polish heads 22 was 
three, how many pieces are sufficient, and unless the number of the polish heads 22 can install 
the train 24 of the head section of thickness-measurement equipment and it interferes in the 
movement of each polish head 22 mutually, polish speed improves, so that the number of the 
polish heads 22 increases. 

(Example 3) The polish method of an example 1 and an example 2 has the outstanding feature 
that the film which deposited the terminal point of polish on the silicon substrate which curved in 
that it is correctly detectable and a convex, or concave can also be evenly ground in the form 
where it curved in the configuration of a silicon substrate, this example is the flattening method 
of the silicon substrate which carries out flattening of the silicon substrate (for example, silicon 
substrate from which the center of a convex or concave has shifted [ center / of a silicon 
substrate ] also in the silicon substrate which has curved in a convex or concave) in which not 
only the film deposited on the silicon substrate which the- polish method of examples 1 and 2 was 
evolved further, and curved in a convex or concave but the front face was more intricately 
uneven to high speed more. With reference to a drawing, this example is explained below. 
[0027] The important section of the polish equipment used by this example is shown in drawing 
3 . In drawing^ . the sign 33 shows the substrate maintenance turntable. After forming an 
uneven pattern by film deposition, photo lithography, and the repeat of etching on the substrate 
maintenance turntable 33, the silicon substrate 31 with a diameter of 200mm which performed 
film deposition has pasted up for example, by vacuum adsorption. On the other hand, two or 
more polish heads 32 are densely covered with the whole surface of a silicon substrate 31 with 
the wrap form on the upper surface of a silicon substrate 31. The diameter of each polish head 
32 is set to about 40mm. It differs in examples 1 and 2, and each polish head 32 only rotates and 
the polish head medial axis 36 is being fixed. An abrasive material is supplied to the front face of 
a silicon substrate 31 from the core of each polish head 32. The crevice between each polish 
****** 32 anc f the polish head 32 is equipped with the detecting element 34 of a thickness 
detection machine, and the thickness in each point is measured on real time. 
[0028] Next, the procedure of flattening by the polish using this equipment is described. While 
carrying out the pressure welding of two or more polish heads 32 with which it was covered on 
the silicon substrate 31 at the principal plane of the silicon substrate 31 pasted up on the 
substrate maintenance turntable 33. each polish head 32 is made to rotate and the principal 
plane of a silicon substrate 31 is ground. In the case of polish, as one of the features of this 
example, when not only rotation but revolution carries out the substrate maintenance table 33 
the principal plane of a silicon substrate 31 is ground more to homogeneity. As an abrasive 
material in the case of polish, when grinding a silicon oxide, for example, colloidal silica is 
distributed in solution, and since it is KOH, that by which PH adjustment was carried out is used 
for weak a^ahnity. Moreover, for example, a polyurethane pad pastes the polished surface of the 
polish head 32, and it is used for it as an abrasive cloth. It acts as the monitor of the thickness 
in each point under polish and on a silicon substrate 31 with thickness detection equipment with 
two or more detect.on head sections 34. The thickness data obtained by thickness detection 
equipment are sent to a computer, and a computer calculates the position on the silicon 
substrate 31 of each measurement point from the data of rotation of a silicon substrate 31 and 
revolution, and computes the thickness distribution data on a silicon substrate 31 on real time A 
computer grinds a silicon substrate 31 evenly, changing the load applied to each polish head 32 
based on the aforementioned thickness distribution data 

[0029] According to this example, like examples 1 and 2. since thickness data are covered over 

In Vc°ir !° ° ^ P f t h head 32 f0f feedback - always acquiring the thickness of the film 

on a silicon substrata 31, polish can be correctly ended by desired remnants thickness 
Moreover, it becomes possible by not moving the polish head 32 sufficiently smaller than each 



silicon substrate 31, and fixing to a certain position on a silicon substrate 31 to install the head 
section 34 of thickness detection equipment between the polish head 32 on a silicon substrate 
31, and the polish head 32. By processing the rotation speed of the acquisition timing of the 
signal from each detection head section 34, and a silicon substrate 31, and the revolution radius 
and speed of a silicon substrate 31 by computer, the thickness-measurement point on a silicon 
substrate 31 can be identified correctly, and it becomes possible to measure the thickness not 
only in the thickness of the average on each periphery on a silicon substrate 31 but each point 
on a silicon substrate 31. the thickness distribution on the obtained silicon substrate 31 — a 
basis — by controlling the pressure put on ****** and each polish head 32 Only not only in the 
film deposited on the silicon substrate 31 which the film on the flat silicon substrate 31 did not 
reach for saying, but curved in a convex or concave It can grind evenly in the form where the 
film deposited on the silicon substrate 31 (for example, silicon substrate 31 from which the 
center of a convex or concave has shifted [ center / of a silicon substrate 31 ] even when a 
convex and concave have curved) with the shape of more complicated surface type also curved 
in the configuration of silicon-substrate 31 front face. Furthermore, since it has covered with the 
polish head 32 densely, polish speed can be raised sharply. 

[0030] In addition, in this example, although the pressure put on each polish head 32 as the 
method of the polish speed control for each polish head 32 of every was changed, the polish 
speed by each polish head 32 is controllable also by changing the rotational frequency of each 
polish head 32. Moreover, the polish speed by each polish head 32 is controllable also by 
controlling the amount of the slurry supplied to a wafer from each polish head. Moreover, the 
polish speed by each polish head 32 is controllable also by equipping each polish head 32 with a 
heater, and controlling the temperature of the aforementioned heater. Furthermore, the polish 
speed by each polish head 32 is controllable by combining two or more control of the 
temperature of the pressure put on each above-mentioned polish head 32, the rotational 
frequency of each polish head 32, the amount of the slurry supplied to a silicon substrate 31 
from each polish head 32, and each polish head 32. 

[0031] It is grinding in the above and examples 1 r 2, and 3, acting as the monitor of the thickness 
of the film on a silicon substrate, while grinding in any case. The thickness detection in the case 
of an uneven pattern being formed in a silicon substrate and having deposited the film on it is 
comparatively difficult Next, the thickness detecting method used by this example is shown. As 
shown in drawing_4 , the substrate which formed the polysilicon party turn 102 with a height of 1 
micrometer on the silicon substrate 101. and formed the silicon oxide 103 with a thickness of 2.5 
micrometers on it is ground. Target remnants thickness is on a polysilicon party turn, and may be 
0.5 micrometers. 

[0032] The spectrum of the reflection factor of a substrate is measured by the usual method 
learned well, using the white light sources, such as a tungsten lamp, as the light source. Drawing 
5 (A) and (b) are reflection factor spectrums acquired from the pattern of drawing 4 . In this 
example, the range of 1.5 to 4eV was used as energy of an incident light, energy — increasing 
** — in this energy range, increasing, while the reflection factor which is not vibrates originates 
in distribution with comparatively large silicon substrate 101 of a ground and polysilicon party 
turn 102 being shown, although distribution is not shown for most refractive indexes of a silicon 
oxide 103 About what carried out the Fourier transform of the spectrum of drawi ng^ (A) and (b) 
it is drawing 5 . - It is shown in (A) and (c). However, in drawing 5 (A) and (c), after taking the 
square of the absolute value of the complex spectrum acquired by the Fourier transform, it is 
interpolating by the 3-dimensional spline curve. The horizontal axis of drawing 5 (A) and (c) is 
the dimension of the inverse number of energy. In drawing 5 (A) and (c), thickness is the same 
on a level difference and under a level difference, and in this energy range, since the refractive 
index of a silicon oxide 103 has almost no distribution, the single peak appears. That the 
horizontal axis is a value with one or less very large portion is a thing resulting from distribution 
of DC component of drawing j (A) and (b), and the refractive index of silicon depended on a 
signal with a long period very much. If rt assumes that the refractive index of a silicon oxide 103 
does not have distribution, it can ask for thickness using the following formula 1 from the 
position of the peak of drawing 5 (A) and (c). 



[0033] 
[Equation 1] 
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[0034] From drawing 5 (A) and (a), potish is started and the reflection factor spectrum and its 
Fourier transform at the time of changing into the drawing 5 (B) and (a) state are shown in 
drawing 5 (B) r (b), and drawing 5 (B) and (o). In this stage, only the film deposited on the level 
difference is ground, and since the film deposited on the bottom of a level difference is not 
ground, a peak is divided in two corresponding.to each thickness. The peak from the film 
deposited on the bottom of a level difference is located in the same position as drawjng_5 (A) 
and (c), and the peak from the film on a level difference is shifted to the one where a value is 
smaller corresponding to having been ground and having become thin. 

[0035] A reflection factor spectrum and the Fourier transform as shown in drawing 5 (C) and (a), 
when polish furthermore progresses and the height on a level difference is in agreement with the 
height under a level difference are shown in drawing 5 (C), (b), and drawing 5 (C) and (c). 
Although the signal from the film deposited on the bottom of a level difference is located in the 
still same position, the signal from the film deposited on the level difference is further shifted to 
the direction of a low value. 

[0036] A reflection factor spectrum and the Fourier transform as shown in dr awing 5 (D) and (a), 
when polish progresses further and the film on a level difference also grinds the fiim under a 
level difference are shown in drawing 5 CD), (b), and drawing 5 (D) and (c). Since the film 
deposited on the bottom of a level difference is also ground, the signal from the film deposited 
on the bottom of a level difference is also shifted to the direction of a low value, and the signal 
from the film simultaneously deposited on the level difference is further shifted to the direction 
of a low value. That is. the moment that the film on the level difference lower part begins to be 
ground can be correctly grasped by always acting as the monitor of the Fourier transform 
spectrum. 

[0037] Polish progresses further and the reflection factor spectrum and its Fourier transform at 
the time of reaching target remnants thickness, as shown in drawin g 5 (E) and (a) are shown in 
drawing 5 (E), (b). and drawing 5 (E) and (c). 

[0038] As mentioned above, even when grinding the film deposited on the substrate which 
formed the uneven level difference by advancing polish, always acting as the monitor of the 
positton of the peak after the Fourier transform of a reflection factor spectrum, and converting 
into **** thickness by the formula 1. it can act as the monitor of the absolute value of 
thickness, and the terminal point of polish can be detected correctly. Incidentally, the sampling 
period of the spectrum after the Fourier transform is difficult for identifying a peak position with 
a sufficient precision depending on the measurement energy range of a reflection factor 
spectrum, when a measurement energy range is narrow. In this example, after taking the square 
of the absolute value of the complex spectrum acquired by the Fourier transform, it interpolates 
by the 3-dimensional spline curve, and the work which reads a peak position correctly is carried 
out, it is in measuring range, and when not changing a membranous refractive index, it is possible 



to calculate the absolute value of thickness in the precision of about about 0.05 micrometers. 
[0039] In this example, although the level difference showed one step of case, the thickness 
method of detection of this invention can be applied, not only when a level difference is one 
step, but when a level difference is two steps of three steps. 

[0040] In this example, since it is necessary to measure thickness on real time, the combination 
of a spectroscope and a multichannel light sensitive ceil is needed for measurement of a 
reflection factor spectrum, furthermore, the case where a certain pixel arranged to ** on the 
other hand is used for the luminous-intensity detection by which wavelength decomposition was 
carried out with the spectroscope since the pixel is arranged [ rather than ] by two-dimensional 
using a single dimension light sensitive cell like a tie ODO array as a multichannel light sensitive 
cell by the CCD camera with desirable using two-dimensional detectors, such as a CCD camera, 
-- already — the array of one direction can be used for other uses In the examples 2 and 3, 
since it is characterized by grinding acting as the monitor of the thickness in respect of the 
plurality within a substrate side, two or more single dimension light sensitive cells are needed. By 
using a CCD camera, work equivalent to about the same poor thin£ as plurality can be performed 
for a single dimension optical detector by one element, and a large reduction of curtailment of 
cost and equipment size is attained simultaneously. Moreover, since a single element is used, the 
precision of the detection thickness between each thickness detection head is sharply 
improvable. 
[0041] 

[Effect of the Invention] It will be as follows if the effect acquired by the typical thing among 
invention indicated in this invention is explained briefly. 

[0042] It is possible to always grind the desired amount of polishes, without being influenced by 
aging of a polish head since it is possible to detect the thickness of the film always deposited on 
the substrate during polish according to this invention. Moreover, since the space on most front 
faces of a substrate is exposed by using a polish head sufficiently smaller than a substrate while 
grinding the thickness distribution within a substrate side, computing on that spot is possible by 
using the thickness detection equipment which was made to move the detection head section of 
thickness detection equipment in a substrate top. or was equipped with two or more thickness 
detecbon head sections. Based on the thickness distribution within the aforementioned 
substrate side, it becomes possible by controlling the aforementioned polish head to also grind 
uniformly the film deposited on the substrate which curved how. That is. when ^rindin* on'y a 
periphery preferentially when the substrate has curved in concave, or having cJrved in the 
convex, it can prevent grinding only a core preferentially. The fall of the polish speed by using a 
small head by using further two or more polish heads is prevented, and a polish speed of the 
same grade as a conventional method can be obtained, having the feature which was excellent in 
the above. 

[Translation done.] 



* NOTICES * 

Japan Patent Office is not responsible for any 
damages caused by the use of this translation. 

1. This document has been translated by computer. So the translation may not reflect the original 
precisely. 

2. **** shows the word which can not be translated. 
3.1n the drawings, any words are not translated. 
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